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A method o f  i s o l i n e s  i n  a p p l i c a t i o n  t o  t h e  d rawing  o f  s y n o p t i c a l  
s o l a r  maps f o r  one c y c l e  i s  g iven .  It i s  shown t h a t  t h i s  ne thod  can 
b e  a p p l i e d  w i t h  s u c c e s s  f o r  r e c o g n i z i n g  t h e  a c t i v e  r e g i o n s  on t h e  sun .  
T n e  p e c u l i a r i t i e s  o f  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  o f  v a r i o u s  i n d i c e s  
o f  s o l a r  a c t i v i t y  a r e  c o n s i d e r e d .  The p r e s e n c e  o f  a c t i v e  l o n g i t u d e s  
for whicn t h e  Fay l a w  i s  p r a c t i c a l l y  a b s e n t  t i n  agreement  w i t h  Losh 
a n d  M a l d n e i e r )  is conf i rmed.  I t  i s  n o t e d  t h a t  t h e  main p o p u l a t i o n  of  
a c t i v e  l o n g i t u d e s  a r e  r e c u r r e n t  groups. The d i s t r i b u t i o n  o f  t h e  d e c a y  
f u n c t i o n  % i t h  l o n g i t u d e  i s  c o n s i d e r e d .  I t  i s  shown t n a t  t h i s  d i s t r i -  
b u t i o n  d i f f e r s  f rom t h a t  for t h e  sum of d a i l y  s p o t t e d n e s s  for a c y c l e ,  
i n d i c a t i n g  t h a t  decay a n d  o u t b u r s t  p r o c e s s e s  be long  t o  d i f f e r e n t  
d e p t h s .  I t  vias found t n a t  t h e  rxagnet ic  s t r e n g t h  i n d e x  o f  s p o t s  is un- 
s u i t a b l e  for t h e  s t u d y  o f  l o n g i t u d i n a l  d i s t r i b u t i o n  as much s e l e c t i o n  
is i n v o l v e d  when p r o c u r i n g  d a t a  on  t h i s  i n d e x .  I n  c o n c l u s i o n  t h e  
p e c u l i a r i t i e s  o f  r e c u r r e n t  groups p o p u l a t i n g  a c t i v e  s o l a r  l o n g i t u d e s  
a r e  d i s c u s s e d .  qu' INCR 
The probfem of whe the r  t h e  l a t i t u d i n a l  and l o n g i t u d i n a l  d i s t r i b u t i o n  

o f  solar a c t i v i t y  i s  u n i f o r n  o r  non-uniform i n  o n e  or b o t h  d i r e c t i o n s  h a s  

l o n g  a t t r a c t e d  t h e  a t t e n t i o n  o f  numerous r e s e a r c h e r s .  T h i s  problem ' i sua l lg  

c o n s i s t e d  o f  two p a r t s .  One o f  then: e v e n t u a l l y  deve loped  i n t o  t h e  S p e r e r  

 la^ of t n e  l a t i t u d i n a l  c r e e p  o f  t h e  s p o t - f o r m a t i o n  zone i n  t h e  c o u r s e  of  a 

c y c l e ,  and t h e  o t h e r  u s u a l l y  figures i n  l i t e r a t u r e  i n  c o n n e c t i o n  w i t h  t h e  

a c t i v e  s o l a r  l o n g i t u d e s .  Lut  t h e  problen! o f  t h e  l o n g i t u d i n a l  and l a t i t u -  

d i n a l  d i s t r i b u t i o n  o f  s o l a r  a c t i v i t y  h a s  n o t  y e t  keen s o l v e d .  T h i s  h a s  

been due l a r g e l y  t o  t h e  metnods s t i l l  used by t h e  r e s e a r c h e r s .  

The i n i t i a l  r c a t e r i a l  f o r  t h i s  problem a r e  tLe s y n o p t i c  maps of  tiie Sun.  

' i h e r e  a r e  two s u c h  maps i n  e x i s t e n c e  n o s :  d a i l y  and  p e r  r e v o l u t i o n .  T h e  

d a i l y  maps o f  t h e  Sun do n o t  h a v e  a sys t em o f  l o n g i t u d e s  r i g i d l y  f a s t e n e d  

t o  t h e  Sun ,  and  c a n n o t  t h e r e f o r e  be used  f o r  our purpose. Such  maps a r e  
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more s u i t a b l e  f o r  t h e  s t u d y  o f  h e l i o g e o p h y s i c a l  bonds.  AE f o r  t h e  sysop-  

t i c  maps o f  t h e  bun ,  p e r  r e v o l u t i o n ,  t h e y  a r e  c h a r a c t e r i z e d  by t h e  f o l l o w -  

ing f e a t u r e s .  

1. They show t h e  v a r i o u s  solar f o r r a t i o n s  o n l y  i n  t h e  d a y  t h e y  p a s s  

t h e  c e n t r a l  S o l a r  m e r i d i a n ,  and  i n  t h i s  s e n s e  t h e y  can be  c o n s i d e r e d  o n l y  

from t h e  p o i n t  o f  v i ew o f  t h e  t e r r e s t r i a l  o b s e r v e r ,  w i t h o u t  g o i n g  i n t o  t h e  

dynamics o f  t h e s e  f o r m a t i o n s .  

2. They show o n l y  t h e  v i s i b l e  s o l a r  f o r n a t i o n s  ( t h i s  i s  e x p l a i n e d  by 

t h e  f a c t  t h a t  t h i s  i s  t h e  o n l y  t y p e  o f  s o l a r  a c t i v i t y  a c t u a l i y  o b s e r v a b l e  

a t  p r e s e n t ) .  It i s  t h e r e f o r e  i m p o s s i b l e  t o  g e t  a p & r t i c u l a r  i n r i i c a t o r  o f  

solar a c t i v i t y  f a r  e v e r y  p o i n t  o f  t h e  s o l a r  s u r f a c e .  

3. They p r e v e n t  t h e  compi l a t ion  o f  c o z p o s i t e  s y n o p t i c  maps o f  t h e  Sun 

even f o r  s e v e r a l  r e v o l u t i o n s ,  i n  view of t h e  f i r s t  two p e c u l i a r i t i e s ,  i n a s -  

much as t h e  p i c t u r e  becorces v e r y  confused .  

Thus i t  c a n  be  s a i d  t h a t  t h e  s y n o p t i c  maps of the s u n  compi l ed  h e r e t o -  

f o r e  have  been o f  t h e  Lagrange  type ,  as t h e y  a c t u . d l y  d e a l t  w i t h  t h e  behav- 

i o r  o f  a n  i n d i v i d u a l  s o l a r  fo rma t ion  from t h e  p o i n t  of view o f  a n  o b s e r v e r  

moving a l o n g  % i t n  i t  on t h e  s o l a r  s u r f a c e  as i t  were. 

I t  i s  q u i t e  n a t u r a l  t h a t  t h e  use o f  s u c h  s y n o p t i c  maps o f  t h e  bun i n -  

v o l v e d  a c o n s i d e r a b l e  amount of a r b i t r a r y  judgment i n  t h e  r e c o g n i t i o n  o f  

t h e  a c t i v e  c e n t e r s ,  p a r t i c u l a r l y  t h e i r  b o u n d a r i e s .  h t t e m p t s  were made t o  

e l i m i n a t e  this a r b i t r a r y  f e a t u r e  by t h e  i n t r o d u c t i o n  o f  v a r i o u s  s t a t i s t i c a l  

c r i t e r i a .  Eut  t h e s e  i n v e s t i g a t i o n s ,  t hough  b a s e d  on t h e  same m a t e r i a l s ,  

f r e q u e n t l y  l e d  d i f f e r e n t  a u t h o r s  t o  d i a m e t r i c a l l y  o p p o s i t e  c o n c l u s i o n s .  

hll th i s  compe l l ed  u s  to t r y  a n o t h e r  method o f  compi l ing  a s y n o p t i c  

n a p  of t h e  Sun b a s e d  o n  t h e  E u l e r  p r i n c i p l e .  It was a c t u a l l y  a method o f  

i s o l i n e s  usually a p p l i e d  i n  meteorology.  
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Let  u s  t a k e  a c e r t a i n  number o f  r i g i d l y  f i x e d  p o i n t s  on t h e  solar s u r -  

f a c e  and c o n s i d e r  soffie k i n d  o f  i n d i c a t o r  o f  s o l a r  a c t i v i t y  i n  each  o f  t n o s e  

p o i n t s .  . .e w i l l  a s s u a e  t h a t  a g iven  i n d e x  a p p l i e s  t o  a s c a l a r  c o n t i n u o u s  

f i e l d  vjitc a t e r r i n a l  cumber of p o i n t s  o f  d i s c o n t i n u i t y .  '&e can  t h e n  ob- 

t a i n  the field d i s t r i b u t i o n  nf t h i t  i n d e x  i n  t h e  f o r =  o f  E s y s t e ~  o f  iso- 

l i n e s .  

Eut  t h e  u s e  o f  t h i s  method, which w e  s h a l l  c a l l  t h e  i s o l i n e  method,  

p r o d u c e s  t h r e e  d i f f i c u l t i e s  i n  t h e  c a s e  o f  t h e  Sun. 

1. T h e r e  a r e  D r a c t i c a l l y  no i n d e x e s  o f  s o l a r  a c t i v i t y  a t  p r e s e n t  t h a t  

would p r o d u c e  a c o n t i n u o u s  f i e l d .  A F o s s i b l e  e x c e p t i o n  are t h e  m a g n e t i c  

f i e l d s  o f  t h e  sun  s p o t s .  B u t ,  as we m i l l  s h o s  l a t e r ,  t h a t  i n d e x  c a n  h a r d l y  

be  u s e d  t o  good e f f e c t  at p r e s e n t .  

2. I n  t h e  c a s e  o f  l o n g  time i n t e r v a l s ,  t h e  e f f e c t  of S p e r e r  l a w  may 

p roduce  c e r t a i n  d i s t o r t i o n s  i n  t h e  s e p a r a t i o n  o f  t h e  a c t i v e  c e n t e r s  (by  

l a t i t u d e ) .  

3 .  The m a n i f e s t a t i o n  of  t h e  Fay l a w  o f  d i f f e r e n t i a l  r o t a t i o n  a t  l o n g  

t i E e  i n t e r v a l s  may r e s u l t  i n  t h e  d i s t o r t i o n  o f  t h e  l o n g 5 t u d i n a l  d i s t r i b u t i o n  

o f  any i n d i c a t o r  o f  s o l a r  a c t i v i t y .  

A s  f o r  t h e  s e c o n d  and  t h i r d  d i f f i c u l t i e s ,  t h e  q u e s t i o n  o f  t h e i r  signi- 

f i c a n c e  can  be d e c i d e d  o n l y  a p o s t e r i o r i .  The first d i f f i c u l t y  can  be 

a v o i d e d  i n  the same way as is done i n  t h e  c o m p i l a t i o n  o f  i s o n e p h  maps i n  

m e t e o r o l o g y  where p r o b a b i l i t y  takes t h e  p l a c e  o f  a d e f i n i t e  i ndex .  

E e f o r e  a p p l y i n g  t h e  i s o l i n e  method we had  t o  s o l v e  t h e  problems o f  t h e  

t ime i n t e r v a l ,  t h e  number o f  p o i n t s  on t h e  s o l a r  s u r f a c e  a n d  t h e  i n d e x  o f  

solar a c t i v i t y .  

Vue w i l l  t ake t h e  l e n g t h  o f  a s o l s r  a c t i v i t y  c y c l e  as a t ime i n t e r v a l .  

Our t i m e  i n t e r v a l  w i l l  t n u s  n o t  be c o n s t a n t .  B u t  what i s  i m p o r t a n t  h e r e  
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i s  t h a t  i t  b e  c h a r a c t e r i z e d  by a v e r y  d e f i n i t e  arid cample t ed  p r o c e s s .  

The s e l e c t i o n  o f  t h e  number o f  p o i n t s  on t h e  s o l a r  s u r f a c e  is, i n  

e f f e c t ,  e q u i v a l e n t  t o  t h e  s e l e c t i o n  o f  t h e  d imens ions  o f  t he  a c t i v e  re- 

g i o n s  on t h e  Sun. It  is  a known f a c t  t h a t  t h e  d imens ions  o f  t h e  l a rges t  

groups o f  sun  s p o t s  a r e  20 0 l a t i t u d e  a n d  40' l o n g i t u d e  c11. We have  t h e r e -  

f o r e  d e c i d e d  t o  d i v i d e  t h e  s o l a r  s u r f a c e  i n t o  areas o f  s u c h  s i z e s ,  which 

means 36 p o i n t s  p l a c e d  i n  t h e  c e n t e r  o f  each  s u c h  a rea  o f  t h e  spot - forma-  

t i o n  zone. 

In  t h e  f i r s t  s t a g e  we w i l l  use  t h e  a v e r a g e  d a i l y  s p o t t e d n e s s  o f  e a c h  

area i n  each  r e v o l u t i o n  (Si)  as an i n d e x  o f  s o l a r  a c t i v i t y .  I n  t n i s  case 

t h e  s p o t t e d n e s s  i s  c o n s i d e r e d  i n  terms o f  a r e a .  T h i s  i n d e x  i s  d e f i n e d  as 

t h e  sum of t h e  d a i l y  v a l u e s  o f  t h e  s p o t  g roup  areas l o c a t e d  w i t h i n  a g i v e n  

a rea  a n d  d i v i d e d  by 1 4 ,  which i s  t h e  maximum number o f  d a y s  t h e  g roups  

have  e x i s t e d  on t h e  v i s i b l e  hemisphere of  t h e  sun .  N a t u r a l l y ,  we m u s t  a l s  I 

assume t h a t  t h e  p i c t u r e  on t h e  i n v i s i b l e  s o l a r  hemisphere  i s  abou t  the  same 

as on t h e  v i s i b l e  one.  & e  w i l l  

t h u s  d e a l  w i t h  magni tudes  which appea r  t o  be p r o p o r t i o n a l  t o  t h e  e n e r g y  o f  

s o l a r  a c t i v i t y  r e l e a s e d  i n  t h e  c o u r s e  o f  a c y c l e  i n  a g i v e n  a rea  o f  t h e  

s o l  a r  s u r f  ace .  

W e  g e t  t h e  ~ 1 . m  Si f o r  each  a r e a  p e r  c y c l e .  

+be have  u s e d  t h e  i s o l i n e  method t o  compi le  a s y n o p t i c  map o f  t h e  Sun 

r e p r e s e n t i n g  c y c l e s  12-16. The d a t a  on t h e  s u n  spots were  t a k e n  from t h e  

G r e e m i c h  p h o t o h e l i o g r a p h i c  c a t a l o g s  f o r  c y c l e s  12-16, a n d  from t h e  Fulkovo 

c a t a l o g s  o f  s o l a r  a c t i v i t y  f o r  c y c l e s  17-18. FiF. 1 shows s u c h  !naps fo r  i n d e x  

Si  of  c y c l e s  1c-16. I n  t h i s  c a s e ,  K e r r i n g t o n  l o n g i t u d e s  a r e  measured o f f  

on tCe X-axis a n d  h e l i o g r a p h i c  l a t i t u d e s  on t h e  Y-axis. 

An examina t ion  o f  t h e s e  maps shows t h a t  t h e  i s o l i n e  ixethod f a c i l j  t a t e s  

a c l e s r  r e c o g n i t i o n  o f  t h e  a c t i v e  c e n t e r s  on t h e  Sun. h e  s h o u l d  p o i c t  o u t  



___ , 
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h e r e  t h a t  t h e  problen! a t  hand is not  t n e  d i s t r i b u t i o n  o f  some m a n i f e s t a -  

t i o n  o f  solar a c t i v i t y  b u t  t h e  d i s t r i b u t i o n  of tne  c a u s e  o f  s o l a r  a c t i v i t y  

i n  t h e  p h o t o s p h e r e  e x p r e s s e d  by ES,.  

i s  la rge  enough i n  l a t i t u d e ,  t h e  e f f e c t  of t h e  Sperer l a w  o f  t h e  s p o t - f o r -  

Inasmuch as t h e  c y c l e  we s e l e c t e d  

ma t ion  zone c r e e p  h a s  p r a c t i c a l l y  not been  f e l t .  A t  t h e  same time, s u c h  

a s c a l e  makes i t  p o s s i b l e  t o  f i n d  on ly  t h e  l o n p i t u d i n a l  d i s t r i b u t i o n  of  a 

given i n d e x  o f  s o l a r  a c t i v i t y .  Vve w i l l  t i ' e r e f o r e  examine t h i s  problem 

f i r s t .  As f o r  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  o f  solar a c t i v i t y ,  i t  can  b e  

r e c o g n i z e d  o n l y  when t h e  l a t i t u d i n a l  d imens ions  o f  t h e  a r e a s  i s  reduced  t o  

l o o .  

The  most consp icuous  f e a t u r e  o f  a s y n o p t i c  c h a r t  o f  t h e  s u n  ( s e e  F i g .  

1) i s  that t h e  a c t i v e  c e n t e r s  remain i n  p r a c t i c a l l y  t h e  sme l o n g i t u d i n a l  

i n t e r v a l s  f o r  2-3 c y c l e s .  Koreover, i f  t h e r e  a r e  any  d e v i a t i o n s  from t h e s e  

l o n g i t u d i n a l  i n t e r v a l s ,  t n e y  do n o t  exceed  40 , tha t  i s  t h e  s c a l e  o f  t he  
0 

l o n g i t u d i n a l  area,  a n d  have  no  d e f i n i t e ,  s y s t e m a t i c  d i r e c t i o n .  Here we a re  

a p p r o a c h i n g  t h e  problem o f  t h e  a c t i v e  l o n g i t u d e s  of  t h e  Sun. 

The problem o f  t n e  e x i s t e n c e  of a c t i v e  1 o n K i t u d e s  h a s  s o  f a r  b e e n  

s o l v e d  by s t a t i s t i c a l  methods -done f21. A f t e r  a r e c e n t  examina t ion  o f  

9 



Greenwich mater ia ls  f o r  a p e r i o d  o f  43 y e a r s ,  U. Eecke r  i31 came t o  t h e  

c o n c l u s i o n  t h a t  t h e r e  were n o t  a c t u a l  a c t i v e  l o n g i t u d e s  on the Sun. T h i s  

c o n c l u s i o n  was b a s e d  on  t h e  u s e  o f  a c e r t a i n  s t a t i s t i c a l  method and  p o s t u -  

l a t e  which should b e  d i s c u s s e d  a t  some d e t a i l .  

U. L e c k e r  b e l i e v e s  t h a t  t h e  a c t i v i t y  n f  an a c t i v e  l o n r i t u d e  s h o u l d  

m a n i f e s t  i t s e l f  s y s t e m a t i c a l l y  and un i fo rmly  ( i n  p o i n t  o f  t i m e ) .  Rence 

t h e  t ime i n t e r v a l  he s e l e c t e d ,  10 r e v o l u t i o n s  o f  t h e  Sun ,  i tas d e f i n i t e l y  

t o o  s n o r t  f o r  t h e  s o l u t i o n  o f  t h e  a c t i v e  l o n g i t u d e  croblem. Eut  i s  t h a t  

r e a l l y  s o ;  Tne term a c t i v e  longitude u s u a l l y  i r c p l i e s  a l o n g i t u d i n a l  i n t e r -  

v a l  i n  t h e  c o u r s e  o f  wh ich ,  several  y e a r s  o r  more ,  t h e  s o l a r  a c t i v i t y  is 

c o n s i d e r a b l y  greater than  i n  t h e  n e i g h b o r i n g  l o n g i t u d i n a l  i n t e r v a l s .  The 

p o i n t  t h e r e f o r e  is how un i fo r t r  was t h e  r e l e a s e  o f  t h e  s o l a r  a c t i v i t y  e n e r g y  

arid how g r e a t  xias t h a t  energy .  

D i s r e g a r d i n g  U. B e c k e r ' s  p o s t u l a t e ,  we f i n d  from t h e  c h a r t s  of  t h e  Sun 

c o v e r i n g  one  c y c l e  t h a t  a c t i v e  l o n p i t u d e s  a c t u a l l y  do e x i s t  on  t h e  Sun.  

T h i s  folloirvs a l s o  from F i g .  2 which shows a composi te  c h a r t  o f  a c t i v e  solar 

c e n t e r s  f o r  c y c l e s  12-18. The figures d e n o t e  t h e  numbers o f  t h e  c y c l e s ,  and  

t n e  a r r o w s  tkLe d i s p l a c e m e n t s  of  t h e  c e n t e r s  from c y c l e  t o  c y c l e .  

As a l r e a d y  p o i n t e d  o u t ,  t h e  a c t i v e  c e n t e r s  do n o t  r e v e a l  any tendency  

t o  d e f l e c t  from c y c l e  t o  c y c l e  i n  t h e  same d i r e c t i o n .  T h i s  c i r c u m s t a n c e  and 

t h e  t endency  of t h e  a c t i v e  c e n t e r s  t o  r e t a i n  t h e i r  l o n c i t u d e  i n d i c a t e s  t h a t  

t h e  F a y  l a w  i s  n o t  o F e r a t i v e  i n  t h e  a c t i v e  l o n g i t u d e s .  A c t u a l l y ,  in view 

of t h e  l a r g e  l o n g i t u d i n a l  d i n e n s i o n s  o f  t n e  a r e a s  (40 ) and  t n e  large u n i t  

o f  t i p e  i n t e r v a l  ( c y c l e ) ,  t h e  o p e r a t i o n  o f  t h e  Fay law vrould h a v e  r e s u l t e d  

i n  t h e  d i s p l a c e n e n t  o f  t h e  a c t i v e  c e n t e r s  i n  a d e f i n i t e  d i r e c t i o n .  E u t  i n -  

asmuch as t h i s  d o e s  n o t  happen ,  we a r e  p r o b a b l y  d e a l i n g  h e r e  w i t h  a r i g i d  

r o t a t i o n ,  i n  acco rdance  w i t h  t h e  c o n c l u s i o n s  r eached  by Losh [41 and Wald- 

m e i e r .  

0 
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I t  i s  i n t e r e s t i n g  t o  p o i n t  

o u t  t h a t  U. Lecker [ 3 ] ,  h a v i n g  

examined t h e  problem of a c t i v e  cen- 

ters, cane  t o  t h e  conclusion t h a t  

t h e  fo rma t ions  in these centers ro-  

t a t e  a t  a s p e e d  per r e v o l u t i o n  2-3 

d e g r e e s  g r e a t e r  t h a n  t h e  o r d i n a r y  

s p o t s .  I f  t h a t  were  t h e  case, t h e s e  

f o r m a t i o n s  r o t a t i n g  w i t h i n  our t ime  

i n t e r v a l  u n i t  s h o u l d  have b e e n  d i s -  

p l a c e d  a t  l e a s t  280-290° t oward  t h e  

e a s t  even w i t h i n  a s i n g l e  cyc le .  

b u t  we see t h a t  the d e f l e c t i o n s  both  

t o  t h e  e a s t  and w e s t  are c o n s i d e r -  

a b l y  smaller, ey resemble  os-  

c i l l a t i o n s .  U n f o r t u n a t e l y ,  w i t h  

t h i s  s c a l e  of the  a r e a s  i t  is dif- 

f i c u l t  t o  say w h e t h e r  ne a r e  d e a l -  

ing K i t h  actual  

w h e t h e r  t h e  whole g may be ex- 

p l a i n e d  by t h e  t h e  s c a l e .  

t h o s e  of U. Becker, we s h a l l  u s e  

t h e  i s o l i n e  method t o  c o m p i l e  a 

s y n o p t i c  c h a r t  of  t h e  6un for cy- 

c l e  15, t h a t  i s  for U. B e c k e r ; s  

i n d e x  o f  t h e  number o f  days i n  

. 
M 
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I 
. which the group o f  spots wag s e e n .  

\ r . i t n  a l o n g i t u d i n a l  s c a l e  of 20' 

used by L. E e c k e r ,  t h e  p i c t u r e  be- 

comes s o  c o n f u s e d  t h a t  i t  is abso- 

lutely i m p o s s i b l e  t o  r e c o g n i z e  t h e  

a c t i v e  centers i n  i t  The 

t u d i n a l  d i s j u n c t i o n  a p p e a r s  w i t h  

a change  t o  a 40' i n t e r v a l ,  but i t  

is  l e s s  c l e a r  t h a n  Si (see Fig. 

3).  I t  is i n t e r e s t i n g  t o  n o t e  

t h a t  t h e  a c t i v e  l o n g i t u d e s  do n o t  

always c o i n c i d e  w i t h  t h e  o n e s  ob- 

t a i n e d  f rom the F S i  maps. Swh 

A d i s p a r i t g  could b e s t  b e  e x p l a i n -  

ed by t h e  fact  that we d e a l  w i t h  

t e r i z i n g  d i  f f e r e n  t 

which of t h e  

es on the bun re- 

t h e  s y n o p t i c  aharts in 

c o n n e c t i o n  w i t h  zSi. We will 

t h e r e f o r e  compi le  a c h a r t  o f  c y c l e  

15 f o r  the r e c u r r e n t  groups (See 

Fig. 4) .  It is found t h a t  t h e  re- 

current groups produce a s t i l l  

more clearly d e f i n e d  l o n g i t u d i n a l  

12 
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. 
d i s s e c t i o n  than  a l l  t h e  groups p u t  t o g e t n e r .  A s i z i l a r  e x a t r i n a t i o n  of  t c e  

n o n - r e c u r r e n t  groups shows t h a t  t i - e i r  l o n g i t u d i n a l  g r a d i e n t s  a r e  c o n s i d e r -  

a b l y  smaller  than  t h o s e  o f  t h e  r e c u r r e n t  g r o u p s .  a a r l i e r  i5] i t  was shown 

# 

t h a t  t h e r e  was p r a c t i c a l l y  R O  c o n n e c t i o n  between t h e  maxinum area and  time 

o f  t h e  e x i s t e n c e  o f  r e c u r r e n t  groups o f  s u n s p o t s .  I t  is obv ious  t h a t  U.  

E e c k e r ' s  i n d e x  c h a r a c t e r i z e s  p r i m a r i l y  t h e  n o n - r e c u r r e n t  groups .  
__ 

Fig.  6.  

A s  w e  have  a l r e a d y  p o i n t e d  o u t ,  t h e  c S i  f i e l d  is, s t r i c t l y  s p e a k i n g ,  

a d i s c r e e t  one .  Re  h a v e  t h e r e f o r e  used  t h e  i s o l i n e  ze thod  t o  compi le  a 

s y n o p t i c  c r i a r t  of t h e  s u n  f o r  t h e  p r o b a b i l i t y  o f  t h e  v a l u e s  d e f i n e d  by t h i s  

i r d e x :  S .  > 500, 100 < S i  &500 and 2 < S i  

t h e  maps o f  p r o b a b i l i t y  S > 500 are p r a c t i c a l l y  s i m i l a r  t o  t h e  'z: Si maps. 

Ar: example o f  s u c h  a m a ?  c o s p i l e d  f o r  c y c l e  16 i s  shown i n  F i g .  6. We have 

100. Bere i t  was found t h a t  
1 

i 

t h u s  r e a c h e d  t h e  c o n c l u s i o n ,  by a n  e n t i r e l y  d i f f e r e n t  method, t h a t  t h e  ac- 

t i v e  l o n g i t u d e s  a r e  d e t e r m i n e d  p r i m a r i l y  by r e c u r r e n t  g roups ,  inasmuch as 

such  g r o u p s  a r e  c c a r a c t e r i z e d  p r e c i s e l y  by such  areas.  

S o  far we have  used  = S i  a6 t h e  i n d e x  of solar a c t i v i t y  c h a r a c t e r i z -  

i n g  t h e  magnitude of  t h e  spo t - fo rma t ion  p r o c e s s  i n  a g i v e n  area. We will 

now take a look a t  a n o t h e r  i n d e x  which w e  s h a l l  h e r e a f t e r  c a l l  t h e  decay  

f u n c t i o n .  I t  is d e f i n e d  by t h e  f o l l o w i n g  f o m . u l a  
2 

i - I J P .  QI =- -- J 
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Here S d e n o t e s  t h e  d a i l y  v a l u e  o f  t h e  s p o t  area,  t -- t n e  time ex- 

p r e s s e d  i n  days ,  and  n -- t h e  number of  s p o t  g r o u p s  p e r  area;  a l l  t h e  S . 
J 

v a l u e s  r e f e r  t o  t h e  t i m e  of t h e  a r e a  r e d u c t i o n  a f t e r  t h e  group h a s  r e a c h -  

j 

e d  i ts  m a x i m u m  a r e a .  Vie s h o u l d  p o i n t  o u t  t h a t  we have  d i s c u s s e d  t h e  r e c u r -  

r e n t  g roups  n o t  as  i n d i v i d u a l  x a n i f e s t a t i o n s  bu t  f o r  t h e  e n t i r e  p e r i o d  o f  

t h e i r  e x i s t e n c e .  Inasmuch as t h e  p e r i p h e r i e s  o f  t h e  areas a r e  c h a r a c t e r i z -  

ed  by a l l  s o r t s  of e r r o r s ,  w e  u sed  o n l y  t h e  d a t a  i n  t h e  r a n g e  o f  l o n g i -  

t u d e s  - 70 from t n e  c e n t r a l  mer id i an  o f  t h e  sun .  + o  

It  i s  n a t u r a l  t o  b e l i e v e  t h a t  t h e  r e s o r p t i o n  f u n c t i o n  is  d e t e r m i n e d  

by t h e  v i s c o s i t y  o f  t h e  s o l a r  c o n v e c t i v e  zone ,  and  i n  t h i s  s e n s e  we may 

s p e a k  o f  t h e  e x i s t e n c e  o f  a c o n t i n u o u s  f i e l d  o f  t h e  r e s o r p t i o n  f u n c t i o n .  

VJe w i l l  compi l e  s y n o p t i c  c h a r t s  o f  t h e  s u n  for c y c l e  Qi(y, !4 , t )  and  com- 

p a r e  them w i t h  t h e  c o r r e s p o n d i n g  c S i  c h a r t s .  

c y c l e s  12 and  16 a r e  shown i n  fig. 5 .  I t  i s  i n t e r e s t i n g  t o  p o i n t  o u t  t n a t  

Such  c h z r t s  compi led  for 

t h e  s o u t n e r n  hemisphe re  o f  t h e  s u n  was more a c t i v e  i n  t h e  f i r s t  o f  t h e s e  

c y c l e s ,  and  t h e  n o r t h e r n  i n  t h e  second.  

A n  examina t ion  o f  t h e  s o l a r  s y n o p t i c  c h a r t s  i n  c o n n e c t i o n  w i t h  t h e  r e -  

s o r p t i o n  f u n c t i o n  j u s t i f i e s  t n e  f o l l o w i n g  c o n c l u s i o n s .  

1. The a c t i v e  c e n t e r s  o f  t h e  r e s o r p t i o n  f u n c t i o n  a p p e a r  b o t h  i n  t h e  

low and h i g h  l a t i t u d e s .  

t o  t he  a c t i v e  c e n t e r s  which a r e  u s u a l l y  l o c a t e d  i n  t h e  l o w e r  l a t i t u d e s .  

It  s h o u l d  b e  r e c a l l e d  t h a t  t h e  i n d e x  c S i  a p p l i e s  

But i n  t h e  c a s e  o f  Qi,  t h e  p i c t u r e  i s  c o n s i d e r a b l y  more c o m p l i c a t e d  t h a n  

t h e  C S i  f u n c t i o n .  

2. T h e r e  i s  no d e f i n i t e  p a t t e r n  i n  t h e  c o i n c i d e n c e  or non-co inc idence  

o f  t h e  a c t i v e  c e n t e r s  C S .  and %. T h i s  may i n d i c a t e  t h a t  t h e  decay  a n d  1 



outburst c h a r a c t e r i z e  p r o c e s s e s  

occurring a t  d i f f e r e n t  depths .  

3. The a c t i v e  Cente2.8 o f  t h e  de- 

cay f u n c t i o n  do n o t  last  as long as 

was o b s e r v e d  in the case of f u n c t i o n  

It  would b e  i n t e r e s t i n g  t o  draw 

a n  analogy between a,curVe d e n o t i n g  

t h e  development  of an area of an i n -  

d i v i d u a l  group, and a c u r v e  r e p r e -  

s e n t i n g  t h e  development  of a c y c l e  

a c c o r d i n g  t o  r a c t i v i t y  i n -  

the St  ewar 

t h e r e  is a c t u  i n v e r s e  depend- 

ence  between 
I 

I 

1 

proc esse8 he first of 

l a y e r s  of  t h e  Sun where t h e  s u n s p o t s  

o r i g i n a t e ,  and t h e  second by t h e  sur- 

face layers which may e i t n e r  d e s t r o y  

t h e  g roup  or r e t a i n  i t  f o r  a l o n g  

t i m e .  It i s  p o s s i b l e  t h a t  t h e  

16 



c y c l i c  c u r v e  c a n  also be e x p r e s s e d  by 

o n l y  tHio i n d e p e n d e n t  f u n c t i o n s :  ou t -  

b u r s t  and  decay.  I n  t n i s  s e n s e ,  t h e  

a t t e m p t  o f  c e r t a i n  a u t h o r s ,  as i73 

for example ,  to r e p r e s e n t  i t  as a s in-  

gl e-parame t er f u n c t i o n  is h a r d l y  jus- 

t i  f i  a b l e .  

Having d i s c u s s e d  t h e  indexes  o f  

t h e  solar a c t i v i t y  c h a r a c t e r i z i n g  t h e  

p r o c e s s e s  i n  t h e  p h o t o s p h e r e ,  i t  is 

o n l y  n a t u r a l  t o  tzke a l o o k  a t  o n e  

more i n d e x  a p p l y i n g  t o  t h e  same l a y e r  

of  t h e  solar a tmosphere ,  a n d  tha t  is 

t h e  magnetic f i e l d e  of the  sunspots. 

T h i s  i n d e x ,  as already p o i n t e d  o u t ,  

i s  t h e  only i n d i c a t o r  of a c o n t i n u o u s  

f i e l d .  A c t u a l l y ,  w e  may be d e a l i n g  

w i t h  two i n d e x e s  c o n n e c t e d  r i t n  the 

m a g n e t i c  f i e l d  i n t e n s i t i e s  o f  t h e  

s p o t s .  T h e s e  are  1) the t o t a l  mag- 

n e t i c  f i e l d  i n t e n s i t y  of the s p o t s  i n  

a g i v e n  area E H i  and 2)  t h e  a v e r a g e  

m a g n e t i c  i n t e n s i t y  of a group w i t h i n  

an  area e,= zyi : , where n i n d i c a t e s  

t he  number of groups i n  a g i v e n  a r e a .  

The f i r s t  o f  them appears t o  i n d i c a t e  

t h e  l c a g n e t i c  ene rgy  r e l e a s e d  i n  t h e  

n 



c 

c o u r s e  o f  t n e  c y c l e ,  and  i n  t h i s  s e n s e  i t  i s  s i m i l a r  t o  

c h a r a c t e r i z e s  t h e  a v e r a g e  rcapnet ic  f i e l d  i n t e n s i t y  p e r  c y c l e  i n  each  a r e a .  

h e  s n o u l d  p o i n t  out  t h a t  b o t h  i n d e x e s  may be o b t a i n e d  o n l y  from t h e  maxi- 

mum v a l u e  o f  t h e  magnet ic  f i e l d  i n t e n s i t y  d u r i n g  a s i n g l e  p a s s a g e  o f  a 

group of s p o t s ,  inasmuch as a fairly l ~ n g  s e r l e s  of  o b a e r r a t i c n s  h a v e  been  

made  o f  o n l y  t h a t  magni tude.  I t  s h o u l d  b e  p o i n t e d  o u t  a l s o  t h a t  i n  u s i n g  

the d a t a  on t h e  magne t i c  f i e l d s  o f  t h e  s p o t s  we i n e v i t a b l y  run i n t o  t h e  

problem o f  mater ia l  s e l e c t i o n ,  l e t  a l o n e  t h e  o t h e r  s h o r t c o m i n g s  of  t h e  g iv-  

en  ir,ciex. Vie t h e r e f o r e  took  a l s o  t h e  i n d e x  E i n  a d d i t i o n  t o  Hi, i n  

t h e  e f f o r t  t o  a v o i d  t h a t  s e l e c t i o n  a t  l e a s t  t o  sone  e x t e n t .  C u r i o u s l y  

enougkA, we o b t a i n e d  p r a c t i c a l l y  t h e  s a n e  r e s u l t  i n  t h e  l o n g i t u d i n a l  d i s -  

z S i ;  t h e  second  

i '  

t r i b u t i o n  for L o t h  i n d e x e s .  

L e  compi l ed  t h e  Z E i  and Ei s y n o p t i c  c h a r t s  o f  t h e  sun f o r  t h e  1 6 t h  

c y c l e .  &n e x a m i n a t i o n  of  t h e  compiled c h a r t s  ( s e e  Fig. 7 a n d  8) j u s t i f i e s  

t h e  f o l l o w i n g  c o n c l u s i o n s .  

1. The a c t i v e  l o n g i t u d e  r e p r e s e n t e d  by i n d e x e s  C H ~  and E i p r a c t i -  

c a l l y  c o i n c i d e  w i t h  t h o s e  o f  i n d e x  =Si .  

c l u s i o n  t o  t h e  e f f e c t  t h a t  t h e  r e c u r r e n t  g r o u p  a r e  t h e  b a s i c  d e t e r r c i n i n g  

p o p u l a t i o n  o f  t h e  a c t i v e  l o n g i t u d e s  inasmuch as s u c h  g r o u p s  are  u s u a l l y  

chzlrac t e r i z e d  by  l a r g e  magne t i c  f i e l d s  . 

T h i s  a g a i n  c o n f i r m  o u r  con- 

2. I n  p o i n t  of l o n g i t u d e ,  t h e  g r a d i e n t s  =Ei and zi a r e  c o n s i d e r a b l y  

s m a l l e r  t h a n  s i m i l a r  C S .  g r a d i e n t s .  L o n s e q u e n t l y ,  t h e s e  i n d e x e s  are much 

l e s s  c o n v e n i e n t  t h a t  ZS 
1 

f o r  t h e  r e c o g n i t i o n  o f  t he  a c t i v e  c e n t e r s .  i 

3 .  I n  p o i n t  of l a t i t u d e ,  t h e  XH. g r a d i e n t  a r e ,  on  t h e  o t h e r  hand,  
1 

v e r y  l a r g e .  I t  i s  p o s s i b l e  t h a t  t hey  a r e  p a r t i a l l y  c o n n e c t e d  w i t n  t h e  se-  

l e c t i o n  o f  mater ia l  a n d  p a r t i a l l y  w i t h  t h e  o p e r a t i o n  of  t h e  S p e r e r  l a w .  

U n f o r t u n a t e l y ,  i n  t h i s  c a s e  i t  is p r a c t i c a l l y  i m p o s s i b l e  t o  s e p a r a t e  t h e s e  



b 

l 

t 

I *  

two f a c t o r s .  

t u d i n a l  g r a d i e n t s  which a r e  p r a c t i c a l l y  comparab le  t o  i t s  l o n g i t u d i n a l  

AS for t h e  Ei i n d e x ,  *e  h a v e  h e r e  c o n s i d e r a b l y  smal le r  l a t i -  

g r a d i e n  ts. 

Our c o n c l u s i o n s  show t h a t  i t  does  n o t  pay t o  make a s p e c i a l  i n v e s t i g a -  

t i o n  i n t o  t h e  d i s t r i b u t i o n  o f  and 3 i n  o t h e r  C ~ C ~ Z S ,  as we ail1 ac-  

tually g e t  t h e  same r e s u l t s  t o  which w e  had  been l e d  e a r l i e r  by an exaa ina -  

t i o n  o f  t h e  s o l a r  s y n o p t i c  c h a r t s  f o r  xSi. 

i 

E ' i n d l y ,  we s h a l l  a l s o  d i s c c s s  t h e  Froblem o f  t h e  p e c u l i a r i t i e s  o f  *-he 

r e c u r r e n t  g roups  i n h a b i t i n g  t h e  a c t i v e  l o n g i t u d e s .  l 'cr t n a t  p u r p o s e  h e  

c s n a l l  coppa re  s u c h  groups  i n  t t e  a c t i v e  a n d  L a s s i v e  l o n g - i t u d e s  ( t h a t  i s ,  

s u c h  g r o u p s  wnere  2 s .  h a d  a minimum v a l u e  i n  coo!parison w i t h  tr-e n e i g h t o r -  

i n g  l o n g i t u d i n a l  s e c t i o n s ) ,  as i n  c y c l e  16, f o r  exarrple. And h e r e  we f i n d  

I 

t h a t  t h e  a c t i v e  l o n g i t u d e s  usually c o n t a i n  more r e c u r r e n t  g r o u p s  w i t h  a 

Eaximum & r e a  e x c e e d i n g  500 m .  p .  a. (maxinun! p e r m i s s i b l e  area [':I> t h a n  t h e  

p a s s i v e  l o n g i t u d e s .  The  maximum magnet ic  i n t e n s i t y  of s u c h  g roups  i s  on 

t h e  a v e r a g e  n i g h e r  i n  t h e  a c t i v e  l o n g i t u d e s ,  a n a  t h e i r  l i f e  i s  t h e r e f o r e  

a l s o  l o n g e r ,  as  w e  h a v e  shown e a r l i e r .  

Ln t h e  a v e r a g e ,  w e  o b t a i n e d  t h e  f o l l o w i n g  v a l u e s  f o r  a c t i v e  a n d  p a s s i v e  

l o n g i t u d e s :  

Mumber of g r o u p s  w i t h  S > 500 m. p .  a. . . .  6 3 

-9 ( i n  gauss) ................................. 2900 2700 

max. 

T ( i n  r e v o l u t i o n s )  ............................ 2.5 2.1 
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